Nitric oxide induces metallothionein (MT) gene expression apparently by displacing zinc bound to MT.
The metal binding protein metallothionein (MT) is involved in zinc homeostasis since it typically binds large amounts of zinc. Free zinc can control MT gene expression by interacting with metal-sensitive transcription factors. However, the precise factors governing intracellular release of metal ions from MT remain unknown. Aerobic nitric oxide (NO) can nitrosate thiol groups in proteins, and MT-bound cadmium is released by NO exposure. Thus, we hypothesized that NO may also be effective at displacing zinc from MT in cultured cells and that this could be an important physiological control mechanism in zinc homeostasis and utilization. In this study, DETA/NO, an agent that spontaneously generates NO with a 20-h half life in physiological media, was used to study the release of zinc from MT and the induction of MT in TRL1215 cells (a normal rat liver cell line). Zinc or cadmium was given at levels inducing MT production, followed by DETA/NO (20-200 microM) to produce controlled NO exposure in both cell lines. Although both metals activated MT gene expression, MT-I mRNA and MT protein were further increased when DETA/NO was given after zinc or cadmium treatment. Additionally, NO from DETA/NO clearly displaced MT-bound zinc, as evidenced by G-75 gel-filtration chromatography. The released zinc or cadmium probably then stimulates further MT gene expression. These results suggest that NO may play an important role in regulation of cellular zinc homeostasis by providing a controlled release mechanism for metal ions stored in MT, and NO-mediated release of MT-bound zinc could in turn activate gene expression, such as with the MT gene.